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Double Beta Decay!
Science of !!  

General Experimental Issues 
The MAJORANA DEMONSTRATOR Program 

A Tonne-Scale Project 
Toward the Normal Hierarchy Mass Scale 

Steve Elliott 



¥!The !! (0" ) decay rate is proportional to neutrino mass!
¥!Decay only occurs if neutrinos are massive Majorana 

particles!
Ð! Critical for understanding incorporation of mass into 
standard model!

Ð! Violates Lepton number conservation!
Ð!Leptogenesis?!

�r! !! is only practical experimental technique to answer 
this question!

¥!Fundamental nuclear/particle physics process!

!! and the neutrino 
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What is !! ? 
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Fig. from arXiv:0708.1033  
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!!  Decay Rates 

! 2" = G2" M2"
2

!  

" 0# = G0# M0#

2
m$$

2

G are calculable phase space factors.!
!G0"  ~ Q5!

|M| are nuclear physics matrix elements.!
!Hard to calculate.!

m!!  is where the interesting physics lies.!
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The Effective Neutrino Mass  

!  

m"" = Uei

2
mi

i=1

3

# $i

Compare to !  decay result:!

m! = Uei
2
mi

2

i=1

3
"

virtual " !
exchange!

real " !
emission!

Compare to cosmology:!

!  

" = mi"

Oscillation experiments indicate at least 1 of 
the m i > 50 meV. 

Sets target for upcoming projects. 
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Normal!

Inverted!

Even a null result 
will constrain the 
possible mass 
spectrum 
possibilities! 

A m!!  limit of ~20 
meV would exclude 
Majorana neutrinos 
in an inverted 
hierarchy. 

!! Sensitivity  
(mixing parameters from arXiv:1106.6028)  
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50 meV!
Or ~ 1027 yr!

7 

! 12 = 33.58   "

! 13 = 8.33   "



Signal:Background ~ 1:1 
Its all about the background  

Half life 
(years) 

~Signal 
(cnts/ton-year) 

~Neutrino mass 
scale (meV) 

1025 530 400 

5x1026 10 100 

5x1027 1 40 

>1029 <0.05 <10 

To reach 
atmospheric 

scale need BG 
on order 1/t-y. 

Degenerate 

Atmospheric 

Solar 
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Sensitivity, Background and Exposure 
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Historically, there are 
 > 100 experimental 
limits  on T 1/2  of the 
0"!!  decay. 
Here are the records 
expressed as limits on 
<m!! > using one set 
of nuclear matrix  
elements (RQRPA of 
Simkovic et al. 2009.) 
Note the approximate 
linear slope vs time 
on such semilog plot. 
However, during the 
last decade the 
complexity and cost 
of such experiments 
increased dramatically. 
The constant slope is 
no longer maintained. 

!! trends (updated Elliott/Vogel plot by Vogel) 
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Recent claim 



A Claim 
has become a litmus 
test for future efforts  

!!  is the search for a very 
rare peak on a continuum 

of background. !

~70 kg-years of data!
13 years!

The ÒfeatureÓ at 2039 keV 
is arguably present. ! N
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EXO result 
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T0" > 1.6 x 1025 y 
m!!  < 140-380 meV 
120.7 days 
79.4 kg 136Xe 
PRL 109, 032505 

Joint analysis with 
KamLAND-Zen gives 
3.4x1025 y, 120-250 meV 
arXiv:1211.3863 



Great Number of Proposed Experiments 
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¥! Calorimeter 
Ð!Semi-conductors 
Ð!Bolometers  

Ð!Crystals/ nanoparticles  immersed in scintillator  

¥! Tracking  
Ð!Liquid or gas TPCs 
Ð!Thin source with wire chamber or scintillator  



Experiments that will test claim in coming few years.  

Mass Run Plan 

CUORE ~200 kg 2014 

EXO-200 ~100 kg 2011 

GERDA I/II ~34 kg 2011/2013 

KamLAND -Zen ~125kg 2012 

MAJORANA  ~30 kg 2013 

NEXT ~100 kg 2014 

SNO+ ~44 kg 2014 

SuperNEMO  Dem. ~7 kg 2013 

Good guess 
that weÕll reach 
about 100 meV 
in the 2013-2015 
time frame. 

Ton-scale 
projects might 
be starting by 
2020. 
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MAJORANA  DEMONSTRATOR R&D Goals  

¥!Technical goals:  

Ð!Demonstrate backgrounds low enough to justify building a tonne  scale Ge 
experiment. 

Ð!Establish feasibility to construct & field modular arrays of Ge detectors. 

Ð!Minimize costs, optimize the schedule, and retire risks for a future 1-tonne 
experiment. 

¥!Science goals:  

Ð!Although we are driven by technical goals, we also aim to extract the maximum 
science from the DEMONSTRATOR prototype, 

¥!Test the recent claim of an observation of 0 !""  in 76Ge. 

¥!Exploit the low-energy sensitivity to perform searches for dark matter, axions . 

¥!Work cooperatively with GERDA Collaboration toward a single 
international tonne -scale Ge experiment that combines the best 
features of MAJORANA  and GERDA. 
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The MAJORANA  DEMONSTRATOR Module  
76Ge offers an excellent combination of capabilities & sensitivities. 

(Excellent energy resolution, intrinsically clean 
detectors, commercial technologies, best ! "!!  sensitivity 
to date) 
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¥!40-kg of Ge detectors 
Ð!30-kg of 86% enriched 76Ge crystals required 

 for science and background goals 
Ð!Point -contact detectors for D EMONSTRATOR 

¥!Low-background Cryostats & Shield  
Ð!ultra-clean, electroformed Cu 
Ð!naturally scalable 
Ð!Compact low-background passive Cu and Pb 

shield with active muon veto 

¥!Located  at 4850Õ level at Sanford Lab 
¥!Background Goal  in the 0 "!! peak ROI(4 keV at 2039 keV)  
 ~ 3 count/ROI/t-y  (after analysis cuts) (scales to 1 count/ROI/t-y  for tonne  expt.)  



MJD Implementation 

¥! Three Phases 
Ð!Prototype cryostat (2 strings, natGe)  (Spring 2013)  
Ð!Cryostat 1 (3 strings enrGe & 4 strings natGe) (Late 2013) 

Ð!Cryostat 2 (up to 7 strings enrGe) (Fall 2014) 
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Simulation: MJD 0-10 MeV 
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DEMONSTRATOR Background 
Model 
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Underground Laboratory 
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Underground Lab - Status 

18 Dec. 2012 Elliott, ER Review 

¥!Eforming lab operational since summer 
2011 

¥!Davis Campus lab outfitting finished 
¥!Shield floor, LN system, assembly table, 

air bearing system, glove boxes, 
localized clean space all installed 

Temporary Clean Room at Ross Shops 
Views of MJD detector lab 



Materials and Assay 
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Plastics for NAA analysis 

Eformed  Cu purity studies 

¥!Significant R&D and advances made in 
improvement of ICP-MS sensitivity for U and Th 
in copper approaching sub µBq/kg level. 

¥!Monitoring U and Th in copper baths electolyte. 
¥!All plastic materials selected after high 

sensitivity NAA analysis. Assay complete. 
¥!Significant progress made in development of 

low background front-end electronics. 

TIG rods in LB count system 23 










































